Stanley Mills lamprey project by Lucas, M.C. et al.
 C O M M I S S I O N E D  R E P O R T  
 
 
Commissioned Report No.256 
 
Stanley Mills Lamprey Project 
 
Report No. F04LH03 
 
 
 
 
For further information on this report please contact: 
 
Nicki McIntyre 
Scottish Natural Heritage 
Battleby 
Redgorton 
Perth 
PH1 3EW 
Nicki.mcintyre@snh.gov.uk 
 
 
 
 
This report should be quoted as:  
 
M C Lucas, R K Greaves, D H Bubb & P S Kemp (2007). Stanley Mills Lamprey Report. 
Scottish Natural Heritage Commissioned Report No. 256 (ROAME No.  F04LH03).  
This report, or any part of it, should not be reproduced without the permission of Scottish Natural 
Heritage. This permission will not be withheld unreasonably. The views expressed by the author(s) of 
this report should not be taken as the views and policies of Scottish Natural Heritage. 
© Scottish Natural Heritage 2007. 
 
 
 
 

 COMMISSIONED REPORT 
  Summary 
Stanley Mills Lamprey Project 
 
Report No: 256 (ROAME No. F04LH03) 
Contractor: Durham University with The University of Southampton 
Year of publication: 2007 
 
Background 
There are three species of lamprey in the UK; the sea lamprey Petromyzon 
marinus, the river lamprey Lampetra fluviatilis and the brook lamprey Lampetra 
planeri. All three are found in the River Tay. They are all included in Annex II of 
the European Habitats Directive 92/43/EEC and are designated species in the 
River Tay SAC. Stanley Mills is a small scale run-of-river hydro-electric power 
station which takes water from the River Tay, upstream of Perth.  
 
This project aimed to assess the impact of Stanley Mills power station on 
downstream-migrating lamprey. Sea and river lamprey are typically anadromous 
species. They spawn in fresh water where the ammocoetes (larvae) remain for 
several years before transforming into parasitic adults and migrating to the sea. 
The concern is that downstream migrating lamprey may travel into the water 
intake for the hydropower station and either become impinged on trash screens 
or damaged by passing through the turbine itself.  Sampling was carried out 
through the main expected period of emigration (September to March). Debris 
from the trash screen was checked for lamprey. Nets were set in the outflow 
from the power station while the turbine was both running and turned off to catch 
lamprey which had passed through the turbines or the bywash.  All lamprey 
were identified, measured and their condition assessed. 
 
Main findings 
• No lamprey were found in the debris from the trash screen. 
 
• The majority of lamprey caught in the outflow were ammocoetes of both 
Lampetra spp and P. marinus. Most were caught during high river flows in 
September and October but there were not enough data to assess whether 
river flows or season influence ammocoete movements. 
 
• Only three river lamprey transformers and one brook lamprey transformer 
were caught. All were caught between January and March. No sea lamprey 
transformers were caught. 
 
• There was no sign of damage to the transformers and only 1.2% of 
ammocoetes were damaged. 
 
The evidence from this study indicates that Stanley Mills hydropower station has 
only a very small impact on lamprey. There is very limited knowledge of the 
populations, movements and distribution of lamprey on the Tay. However, the 
small number of transformers caught during the study suggests that either large 
numbers do not move through the lade or that sampling was insufficiently 
intense to detect sporadic pulses of movement.  
 
 
 
For further information on this project contact: 
Nicki McIntyre, SNH, Battleby, Redgorton, Perth, PH1 3EW 
Tel: 01738 444177 
For further information on the SNH Research & Technical Support Programme contact: 
Policy & Advice Directorate Support, Scottish Natural Heritage, Great Glen House, Inverness IV3 8NW.  
Tel: 01463–725000 or pads@snh.gov.uk
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1 BACKGROUND 
 
1.1 Natural history 
 
Northern hemisphere lampreys (Petromyzonidae) belong to a group of primitive 
craniates, the Agnatha, characterised by the absence of jaws (Hardisty & Potter 1971).  
They are distinguished from other fish by their scaleless, eel-like bodies, round sucker-
like mouths, poorly developed fins, seven pairs of lateral gill-pouch openings and a 
single nostril on the head, anterior to the eyes (Hardisty & Potter 1971).  The skeleton is 
composed of flexible cartilage and a round sucker-like disc surrounds the mouth, within 
which, in the adults, are strong rasping teeth that vary between species in shape, size, 
position and number (Hardisty 1986 a, b, c, Gardiner 2003).  All lamprey species spawn 
in running fresh water, where the larval ammocoetes occur in silt and obtain food by filter 
feeding on particulate matter.  In many species the larva transforms into a parasitic 
phase which usually emigrates to the sea or lakes to feed on fish, but in some species 
the larva transforms directly into a non-parasitic, non-feeding adult stage (Hardisty & 
Potter 1971).  Throughout this report the term ‘transformer’ will be used, following 
Gardiner (2003), to refer to individuals from the start of transition to the adult form to the 
time when they enter the sea/lake or, for those remaining in fresh water, when they 
develop secondary sexual characteristics. 
 
 
1.2 Distribution 
 
Three species of lamprey occur in the British Isles (Maitland 1980, Maitland & Campbell 
1992, Kelly & King 2001).  Two of these, the sea lamprey Petromyzon marinus 
(Linnaeus, 1758) and the river lamprey Lampetra fluviatilis (Linnaeus, 1758) are typically 
anadromous species, while the brook lamprey Lampetra planeri (Bloch, 1784) occurs 
only in fresh water, usually in the upper parts of catchments (Maitland 1980, Waterstraat 
& Krappe 1998). The latter two taxa form a ‘s pecies pair’ of extremely closely related 
species, which in the larval stage are indistinguishable externally (Potter & Osborne 
1975).  The brook lamprey is a non-parasitic derivative of the river lamprey and occurs 
throughout its geographic distribution.  The wide distribution of all three species, within 
the British Isles and elsewhere across the northerly parts of their range, is considered to 
reflect their anadromous habits and their ease of post-glacial colonisation from the sea 
(Hardisty & Potter 1971, Maitland 1980). 
 
All three lamprey species occurring in Britain appear to be fairly widespread and locally 
abundant.  But across Europe, including in some instances within Britain, populations 
have declined or been extirpated (Lelek 1987, Kirchhofer & Hefti 1996, Renaud 1997, 
Kelly & King 2001, Lucas & Baras 2001).  All three British lamprey species are included 
in Annex II under the European Habitats Directive 92/43/EEC and are designated 
species in the River Tay Special Area of Conservation (SAC). 
 
1.2.1 Distribution in the River Tay 
Sea lamprey appear to exist in the Tay at low densities (APEM 2002).  A survey of 
lamprey distribution on the river in 2002 found only one individual at Grandtully (APEM 
2002) and in another study only 4% of samples of lamprey ammocoetes and 
transformers taken from the Murthly estate were sea lampreys (Gardiner 2003).  
However, local ghillies have reported an increase in spawning activity between Dunkeld 
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and the Haugh of Kercock (APEM 2002).  As all the above locations are upstream of 
Stanley Mills, the transformers will have to pass the hydropower intake on their 
downstream migration. 
 
Lampetra spp. are distributed throughout the Tay and ammocoetes have been found 
from 1 km upstream of the tidal limit to the upper end of Loch Tay as well as in many 
tributaries (APEM 2002).  As it is not possible to differentiate between the ammocoetes 
of the two Lampetra spp. using meristic characters it is not known whether both species 
are spread over the full length of the river or what proportion of the records is constituted 
by each species.  APEM tentatively identified several small transformers from sites 
upstream of Stanley as river lamprey, based on the suggestion that 120 mm represents 
a break point in size between transformers of L. fluviatilis and L. planeri,  but Gardiner 
(2003) has shown small transformer length to be an unreliable guide for L. fluviatilis 
identification.  Gardiner (2003) has demonstrated that river lamprey do occur in the Tay 
upstream of Stanley, but his data suggest that they may be only a small proportion of the 
total Lampetra population.  There appear to be no recent firm sightings of adult river 
lamprey in this part of the river, although there have been verbal reports from ghillies in 
recent decades of what are likely to have been spawning river lamprey.  
 
 
1.3 Downstream migration of transformers/young adults 
 
Both river and sea lamprey migrate downstream to the sea as transformers and early 
adults. Sea lamprey typically migrate downstream in autumn to mid winter, with a 
probable peak in migration periods from October to December, dependent on the river 
(Potter et al. 1978, P. Almeida pers. comm.).  River lampreys migrate later, usually in 
greatest numbers between January and March (Potter & Huggins 1973, Frear & Axford 
1991).  They are also caught in smolt traps in April - early May in the lower Welsh Dee 
(R. Cove pers. comm.).  A study sampling lamprey caught on a screened water intake 
on the lower Ouse, Yorkshire, between January 1991 and June 1992 found peaks in 
catches of river lamprey transformers from January to March each year (Frear & Axford 
1991).   
 
The downstream migration of both species occurs at night (Leger 1920, Potter 1980, 
Sjö berg 1980, Hardisty 1986a, Lucas et al. 2006).  It also appears to be connected to 
periods of increased water discharge (Potter 1980).  Applegate (1950), investigating the 
movement of sea lamprey transformers in Michigan, U.S., found that surges in migratory 
movements were closely associated with rising water levels.  Increased migration during 
high river flow is also seen in Pacific lamprey Lampetra tridentata (Stone et al. 2001, 
Dauble et al. 2006,) 
 
 
1.4 Movements of ammocoetes 
 
Downstream movements are also seen in lamprey ammocoetes.  Hardisty (1986a) 
suggests that these are predominantly through a passive downstream migration.  But 
studies using PIT telemetry to examine local movements of sea lamprey ammocoetes 
and transformers within the river bed found upstream as well as downstream 
movements (Quintella et al. 2005).  The density of ammocoetes decreases downstream 
and the age class distribution at spawning sites changes suggesting that older 
individuals may move downstream to seek less populated areas (Quintella et al. 2003).  
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Quintella et al. (2005) conclude that ammocoetes may “actively seek out more 
favourable areas for colonisation” .  A similar distribution is found in the ammocoetes of 
brook lampreys but Hardisty (1944) attributes this to a passive downstream drift.  
However, he also suggests that they may make active short distance movements toward 
areas of richer food material.  
 
Rising water levels, including flooding, also appears to be an important factor in the 
movement of ammocoetes (Hardisty & Potter 1971, Potter 1980, Quintella et al. 2005).  
However, even in flood conditions the majority of movements occur at night (Potter 
1980) which supports the hypothesis that downstream movements of larvae are not 
entirely passive.  Research on the Pacific lamprey suggests that although some 
movements of ammocoetes are due to high discharge and scouring events, there are 
also movements at other times (Pirtle et al. 2003).  Large ammocoetes have been 
observed to be more likely to move during the periods of lower discharge (Stone et al. 
2001). 
 
 
1.5 Swimming abilities 
 
Applegate (1950) observed individual lamprey transformers travelling downstream tail 
first, with minimal active swimming, leading him to suggest that movement downstream 
is passive and the speed of travel is dependent on the velocity of the river.  However, 
due to their physiology ammocoetes are well-suited to quite energetic activities such as 
burrowing and transformers also have significant swimming capabilities (see Lucas et al. 
2006).  Newly transformed adults can sustain speeds of 30 cm s-1 (Beamish 1974). 
Nevertheless they have poor swimming capacities relative to, for example, salmon 
smolts.  Dauble et al. (2006) have studied the swimming abilities of juvenile Pacific 
lamprey.  They found that more than 90% of swimming took place at night and that 
during the day lamprey spent a high percentage of their time attached to objects.  They 
had a median swim speed of 23 cm s-1 and a mean burst speed of 71 cm s-1.  This 
speed is less than the average perpendicular velocity at some of the fish screens at 
hydropower plants on the Columbia River where the fish were sourced (Dauble et al. 
2006).  On occasions high rates of impingement of juvenile lampreys on these screens 
have been recorded (Moursund et al. 2003).  
 
 
1.6 The potential impact of hydropower facilities 
 
Where water is diverted from a river to power a hydroelectricity station there are two 
potential hazards to fish moving downstream, the turbine(s) and the screens intended to 
prevent fish from entering the turbines. Fish can be damaged during passage through a 
turbine by blade strike, and the effect of increased pressure and shear stress.  Blade 
strike injuries are more common for long fish with a high fineness ratio, whereas small 
fish with a high surface area to mass ratio are likely to be deflected around the blades 
and avoid direct injury (O’Keefe & Turnpenny 2005).  The change in pressure during 
passage through a Kaplan turbine has been found to damage or kill some species of fish 
(Abernethy et al 2002).  Moursund et al. (2003) tested the effects of the changes in 
pressure and shear stress that a Pacific lamprey transformer would experience whilst 
passing through a Kaplan turbine.  They found the lamprey sustained no injuries or 
mortality at pressures or shear stresses which injure or kill juvenile salmon.  They 
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suspect that the hardiness of lamprey may be due to their flexibility and the reduced size 
or lack of body parts that are easily damaged, such as the operculum.  
 
The screening system, usually present at the water intake to prevent fish from entering 
the turbine can damage fish through abrasion or impingement.  At latitudes where 
salmon occur, screens are most often designed to prevent salmon smolts passing 
through them.  Due to the differing size and shape of salmon smolts relative to juvenile 
lamprey, such screens may not be suitable for preventing the passage of the latter.  
Tests on the interactions of juvenile Pacific lamprey with screens found that at water 
velocities representative of those at a typical turbine nearly all lampreys became 
impinged on wedge wire bar screens with a 3 mm gap (Moursund et al. 2003).  Using 
smaller gaps of 1.75 mm or square mesh dramatically reduced the impingement rate.  
 
 
1.7 Stanley Mills 
 
Stanley Mills is a small scale run-of-river hydroelectric station which is fed from the River 
Tay.  In recent years there has been increasing recognition of the risk of entrainment of 
juvenile fresh water fish into water intakes during their downstream migratory or 
dispersal phases.  Although fish screens are present at Stanley Mills these have been 
designed primarily to prevent the entrainment of salmon smolts which differ in size, 
swimming ability and behaviour to lamprey transformers.  Concern exists as to whether 
the Stanley Mills Hydropower scheme impacts on the three lamprey species which are of 
high conservation value and are listed as ‘features of interest’ for the River Tay SAC.  
 
 
2 OBJECTIVES 
 
The objective of the study was to provide information on the impact of Stanley Mills 
hydroelectric scheme on downstream migrating lampreys passing through the facility. 
 
 
3 SITE DESCRIPTION 
 
Stanley Mills is a small-scale (0.34 megawatt) run-of-river hydropower scheme.  It is 
situated on a loop of the lower River Tay, 10 km upstream of Perth.  The scheme directs 
a proportion of the flow of the river from the river into a lade which powers the turbines.  
Water is taken into the lade, originally constructed for a mill, through a control structure 
on the right bank, about 0.5 km upstream of the main facility and the discharge point to 
the river. The facilities were refurbished by RWE Innogy Plc in 2004 at which point fish 
screens and a bywash were installed.  These were designed in accordance with The 
Salmon (Fish Passes and Screens) Regulations 1994 to prevent downstream-migrating 
salmon smolts and kelts from entering the turbines.  Within the lade, prior to the water 
passing into the turbines, there is a positive exclusion fish screen and bywash system 
(Figure 1).  The screen design is based on a 30-m long, near-vertical bar screen with 
12.5 mm spacings.  The bars are angled at 10 degrees to the vertical.  The screen is 
also angled at 15 degrees to the incident flow with a bywash situated at the downstream 
end.  The bywash consists of a bellmouth entrance connecting to a long (approximately 
50 m) 0.6 m inside diameter pipe that transfers fish to the river at the tailrace. The 
entrance to the bywash is controlled by an automated overshot sluice connected to the 
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turbine’s level control system (Turnpenny et al. 2004).  The screens are cleaned of 
debris by an automated grab arm that transfers accumulated debris into a nearby skip. 
 
The turbines discharge into a tailrace canal approximately 8 m wide and 50 m long 
which then flows into the River Tay.  The turbines initially discharge into a deep (3 m) 
pool, but the tailrace subsequently shallows to approximately 2 m deep for most of its 
length. The bywash pipe discharges to the tailrace from about 3 m above the water 
surface (Figure 2).  A line of metal posts is present across the tailrace. Downstream of 
the metal posts three sets of equally spaced (approximately 8 m apart) ring anchor 
points were installed, as part of this project, for the attachment of nets.  
 
 
 
 
 
 
 
 
Figure 1. View of the fish screen in the lade upstream of the turbine, showing the 
bywash entrance. 
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Figure 2. View of the upper tailrace at St anley Mills, looki ng downstream from above the 
turbine discharge and bywash outfall. The photograph was taken when the turbine was 
not in operation, so very little water is passing down the lade and through the bywash. 
 
 
 
4 RATIONALE FOR THE METHODS EMPLOYED 
 
Two methods were used to assess the passage of, and impact on, lampreys passing 
through the hydropower facility. 
 
i) Sampling of the debris collected on the fish exclusions screens. 
 
In light of their rather poor swimming ability it may be expected that a substantial 
proportion of transformers approaching the water intake along the lade will be impinged 
upon the screen, caught in debris overlying the screen or, by virtue of their narrow body 
width and depth, be washed through the screen towards the turbines.  If a large number 
of transformers were to be impinged within debris at the screen surface, it is likely that 
some of these would be transferred to the debris skip during the screen cleaning 
process.  This is not a quantitative method of assessment because during screen 
cleaning, it is likely that a substantial proportion of any transformers trapped in debris 
would be washed free and probably pass through the screen.  However, it could provide 
a useful sample source to determine the species, lifecycle stages and sizes of both 
ammocoetes and transformers impinged on the screens.  
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ii) Nets fishing within the tailrace to collect lampreys which have passed through 
the bywash and/or turbine. 
 
Independent sampling at the turbine and bywash would, in principle, enable quantitative 
assessment of the numbers of lamprey passing downstream by these routes and 
provide samples for assessment of their condition. However, due to the safety and 
technical difficulties involved it was not possible to sample the turbines and bywash at 
the points at which they discharge into the tailrace.  Instead, sampling with drift nets 
within the tailrace was undertaken to collect lampreys that had passed through the 
turbines and bywash.  By sampling a proportion of the flow of the tailrace this gave an 
indication of the numbers of lampreys passing through the facility, and their viability after 
passage.  By sampling on occasions when the turbine was not running, it was hoped 
that an assessment could be made of the impact on lampreys passing through the 
turbine, by comparison to the condition of those sampled  through the bywash when the 
turbine was switched off. In retrospect, it is likely that the flows generated by running the 
bywash only (about 1 m3 s-1), representing less than 10% of normal operating flow, were 
probably inadequate for effective drift net sampling in the lade. However, given the need 
for compromise in sampling approach, this was the method adopted. 
 
Originally sampling was planned to occur during one winter period beginning in 
September 2005 and ending in March 2006. However, delays in commencing sampling 
meant that sampling began in December 2005. Samples for September to December 
were therefore obtained in 2006. 
 
 
 
5 METHODS 
 
5.1 Debris 
 
Debris was collected from the fish screens by the automated grab arm and dropped onto 
a plastic sheet.  The debris was manually sorted and any lamprey ammocoetes and 
transformers were collected for identification.  During December, January, February and 
March sampling periods no debris had collected on the screen so it was not possible to 
check for ammocoetes on these occasions. Large amounts of debris were sorted for 
lamprey on 26th and 27th October 2006.  No debris sampling was carried out in 
November 2006 as no lamprey had been collected in previous samples. 
 
 
5.2 Tailrace sampling 
 
The tailrace was sampled using two types of nets that differed in the mesh size and 
proportion of the flow that they fished. 
 
5.2.1.  Rectangular Nets 
Four identical rectangular nets were used. Each consisted of a metal frame measuring 
1.15 m by 0.75 m.  A fine mesh net (mesh diameter, 1 mm) was attached to the frame.  
The net had a depth of 1.40 m from the mouth.  The top of the metal frame was attached 
to a cross line across the river, and the lower side of the frame was weighted so that the 
mouth of the net was approximately perpendicular to the flow.  The rectangular nets 
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were equally spaced along a cross line tied to sets of rockeyes so that they were 
completely submerged (Figure 3). They fished within the top metre of water, although 
the exact depth depended on the water flow and the resultant drag through the nets. 
 
 
 
Figure 3. Drift nets fishing in the turbine tailrace. 
 
 
5.2.2 Funnel Net 
The funnel net consisted of a pair of wings either side of an opening to a blind ending 
central net. Each wing was 4.6-m long and 1.5-m deep.  The top line of the wings had 
floats attached and the lower line was heavily weighted (approximately 2 kg per metre).  
The wings were constructed from Fryma mesh nylon netting (mesh diameter, 3 mm).  
The opening to the central net measured 2 m by 1.5 m. The initial 1.13 m of the central 
net was constructed from Fryma netting whilst the remainder of the tube was 
constructed from Micromesh nylon netting (mesh diameter, 2.5 mm).  The central net 
was 8.5 m long and supported along its length by six stainless steel hoops sewn into the 
net.  The diameter of the net gradually reduced along its length and its terminal end was 
tied with a piece of cord which was untied for emptying the catch.  The funnel net was 
attached to a cross line tied to a set of rockeyes (Figures 4 & 5), positioned in the middle 
of the tailrace. 
 
Nets were checked early in the morning and late in the afternoon to enable a 
comparison of day and night captures to be made. On occasion, high water levels 
precluded one or more of these samples being taken. 
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Figure 4. Schematic diagram of drift nets fishing in tailrace (not to scale). All four 
rectangular nets are shown fishing from ro ckeyes 2 and the funnel net is shown fishing 
from rockeyes 3. 
 
 
 
 
 
 
 
 
 
 
Figure 5. Funnel net fishing within  the tailrace at Stanley Mills 
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5.3 Sample processing 
 
For all samples collected from the screen trash, bywash and tailrace, lampreys were 
counted, identified and measured (total length), life cycle stage determined and physical 
condition assessed.  The keys/descriptions of Potter & Osborne (1975), Bird & Potter 
(1979) and Gardiner (2003) were used to identify ammocoetes and early transformers as 
P. marinus or Lampetra spp. and late transformers as P. marinus, L. fluviatilis and L. 
planeri.  It was possible to differentiate L. fluviatilis and L. planeri transformers  by 
silveriness, anterior lateral line organ development and, later on, by relative eye 
diameter and oral disk characteristics (Gardiner, 2003). 
 
The nets were set and checked over a two to three day period once a month from 
December 2005 to March 2006 and then from September 2006 to November 2006.  The 
sampling was conducted as shown in Table 1. 
 
 
Table 1. The dates on which tail race sampling was carried out.  Also given is whether 
the nets were set overnight and sampled first thing in the morning (night) or set during 
the day and sampled in the evening (day).  The final column states whether the turbines 
were turned on or off during the time that the nets were set. 
 
Month Day Night = n 
Day = d 
Turbines on or off 
December 2005 13-14 n off 
 14 d off 
 14-15 n on 
January 2006 23-24 n on 
 24 d on 
 24-25 n off 
 25 d on 
February 2006 21-22 n on 
 22 d on 
 22-23 n off 
 23 d on 
 23-24 n on 
March 2006 20 d on 
 20-21 n on 
 21 d on 
 21-22 n on 
September 2006 20-21 n on 
 21-23 d n on (not possible to fish due to high flow) 
October 2006 25-27 n d on (periodically off, due to high flow) 
November 2006 13-14 n off (due to technical failure) 
 14 d on (periodically off due to high flow) 
 14-15 n on (periodically off due to high flow) 
 15 d on (periodically off due to high flow) 
 15-16 n off 
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6 RESULTS 
 
6.1 Debris 
 
The amount of screen debris collected varied considerably with date.  Between 
December 2005 and March 2006 no debris accumulated.  In October a skip full of debris 
was removed from the screens overnight prior to each search. No lamprey were found 
during debris sorting and it is likely that most lamprey contacting the screen either 
passed through it on impingement or were dropped or washed through during grab 
operation.  The only fish found was a salmon Salmo salar parr, which had been 
damaged. 
 
 
6.2 Tail race sampling 
 
Sampling was carried out from December 2005 to March 2006 and September to 
November 2006.  However, the September sampling period coincided with a period of 
very high river flow (see later) and the nets had to be retrieved after one night’s fishing 
due to rising water levels in the lade.  The October sampling period also coincided with 
very high water in the river.  On this occasion for safety reasons it was not possible to 
either retrieve or check the nets after the first night’s fishing.  The nets were retrieved 
and checked after fishing for two days and one night.  
 
6.2.1 Lamprey catches 
The catches for all sampling periods are given in Table 2 and the total number of each 
species and life stage caught are shown in Figure 5.  Only four lamprey transformers of 
any species were caught; all were at an advanced stage of metamorphosis.  One of 
these was a brook lamprey and three were river lamprey. No sea lamprey transformers 
were found in the samples.  All the transformers were trapped in January, February and 
March and all at night (Figure 7).  Three were caught when the turbine was operating 
and one when it was not. All were alive and none of them was damaged. 
 
The great majority of lamprey ammocoetes were caught in September, with a few 
recorded in other months, except November when none were caught. No sea lamprey 
ammocoetes were recorded between December and February.  Apart from one 
Lampetra individual, all ammocoetes were caught when the nets had been fishing at 
night (Figure 7).  In September 212 Lampetra spp and 97 P. marinus ammocoetes were 
caught from one night’s fishing.  In October; 42 Lampetra spp, 40 P. marinus and 18 
unidentified ammocoetes were recorded.  In total only five individuals were damaged 
and these were all part of the large September catch.  One individual had been 
decapitated and four had damage to the midsection.  This constitutes 1.6 % of the 
ammocoetes caught in September and 1.2 % of the total number recorded throughout.  
Between December and March all lamprey captured were alive and swam in a normal 
manner when placed in a shallow tray. However, in September and October when large 
amounts of leaf debris were present a substantial number of lamprey were dead on 
being sorted from the nets. This is not believed to be associated with death prior to entry 
to the net, but from asphyxia, particularly during bankside sorting of the large volume of 
leaves collected in the nets which took up to 2 hours. This occurred despite keeping 
leaves wet or moist. However, almost all of these lamprey showed no indication of 
physical damage whatsoever.  It is possible that some of these may have died whilst still 
in the net, but most were still well vascularised in the head region suggesting death to be 
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recent. The turbine was operating when the two large catches of ammocoetes were 
made.  Only two Lampetra ammocoetes were caught when the turbines were not 
operating. 
 
 
6.2.2 Other fish  
Four other species of fish were found in the nets during sampling (see Table 2 and Fig. 
6).  Minnows Phoxinus phoxinus  were particularly abundant and found in most samples 
except in February when only two individuals were caught.  Most minnows were caught 
in October (376 of a total of 471). Of these, 18 were damaged.  Excluding this sample as 
it comprised both day and night fishing, more minnows were caught at night than by day 
(Figure 7).  At least one 3-spined stickleback Gasterosteus aculeatus  was caught per 
month except in September (Table 2).  The largest numbers were trapped in November 
and more than twice as many were caught at night than during the day (Figure 7).  Four 
salmon parr were found in the nets, all in March (Table 2).  All were caught during night 
sampling. One perch Perca fluviatilis was caught in December (Table 2), again at night.  
There was no sign of damage seen on any 3-spined stickleback, salmon parr or perch. 
 
 
Figure 6. The total number of individuals of each species and in the case of lampreys 
ammocoete or transformer, caught throughout the sampling period.  
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Figure 7. The mean number of individuals, by species and type, caught per day or night 
of sampling.  The sample from October when it was not possible to check the nets for 
two days and one night has been excluded as it was not possible to know how many 
individuals entered the nets at night and how many during the day.  Black bars represent 
the numbers caught at night and grey bars the numbers caught during the day.  
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6.3 Flow and stage 
 
The daily mean flow (m3s-1) and daily mean stage (m) for the River Tay at Ballathie, 7.4 
km upstream of Stanley Mills, were obtained from SEPA. Figure 8 shows the flow and 
stage from the start of sampling in December 2005 through to the end of sampling, 
November 2006. It can be seen that they track each other very closely. For clarity only 
mean flow has been used in subsequent graphs. 
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Figure 8. The daily mean flow (m 3s-1 ) in black and the daily mean stage (m) in grey at 
Ballathie on the River Tay for the period December 2005 to November 2006 (SEPA). 
 
 
 
 
 
Sampling in September and October took place during two periods of high discharge 
(Figure 9).  The daily mean flow for 21st September 2006 was 396 m3s-1.  On 26th 
October 2006, the day on which it was not possible to access the nets, the flow was 470 
m3s-1.  The majority of ammocoetes, both Lampetra and sea lamprey, were caught on 
these two occasions (Figure 9 a and b).  The flow in mid November 2006, when the 
sampling also took place was 238m3s-1 and was just prior to the start of a much higher 
peak in discharge, but no ammocoetes were found during the November sampling. 
 
Sampling between December and March did not coincide with peak discharge. Few 
ammocoetes were recorded during this period (Figure 9 a and b).  Lamprey transformers 
were caught (in low numbers) only from January to March. 
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Figure 9. Numbers of lamprey collected per sample and mean daily flow of the River 
Tay.  The blue marks at the top of the plot indicate sampling days. a) Lampetra spp. 
ammocoetes, b) P. marinus ammocoetes, c) transformers, L. fluviatilis – brown, L. 
planeri – orange. 
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6.4 Size of lamprey 
 
It was not possible to differentiate age classes based on the length of individual 
ammocoetes (Figure 10), although the large peak between 15 and 25 mm principally 
comprises age 0+ lamprey.  What can be seen from the size frequency histograms is 
that the largest individuals were caught in March and January.  No individuals above 43 
mm were caught in September or October. Lampetra ammocoetes had a length range of 
15 to 119 mm and sea lamprey a length range of 13 to 137 mm.  The transformers of 
river lamprey ranged from 93 to 100 mm.  The single brook lamprey transformer was 
130 mm long (Figure 11). 
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Figure 10a. The lengths of captured ammocoetes of Lampetra spp.. Samples from each 
month are shown in different colours.  
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Figure 10b. The lengths of captured ammocoetes of sea lamprey. Samples from each 
month are shown in different colours.   
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Figure 11. The lengths of transformers 
 
 
6.5 Other data 
 
Measurements were taken of water flow upstream of the trash screen in the central half 
of the channel.  These were taken 0.1 m below the surface while the turbine was running 
on 16th November 2006.  Three measurements made were 0.857ms-1, 0.822 ms-1, 0.832 
ms-1, with a mean of 0.837ms-1. 
 
 
 
7 DISCUSSION 
 
7.1 Movement of ammocoetes 
 
The vast majority of lamprey caught in the nets were ammocoetes.  Most of these were 
caught during high flow events.  However, insufficient data were collected over a range 
of  discharges and seasons to determine whether flow was significantly related to catch.  
Pirtle et al. (2003) found that a substantial proportion of movement of Pacific lamprey 
ammocoetes occurred at high flows, possibly associated with sediment scour, but that 
considerable movement occurred outwith high-flow periods also.  Whilst ammocoetes 
were previously thought to be predominantly sedentary there is now evidence that they 
do change location voluntarily (e.g. Quintella et al. 2005).  Nearly all the ammocoetes in 
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the samples at Stanley Mills were caught at night, in support of others that suggest 
movement is mainly nocturnal (Potter 1980). If ammocoetes move at night and not 
during the day this suggests that movement is not involuntary. Ammocoetes and 
transformers are strongly negatively phototaxic, the former normally living buried in silt, 
so it is not surprising that movements into the water column are cued to low-light 
conditions.  Most ammocoetes were caught in September and October, possibly as a 
result of high flows.  However, no lamprey were collected in November when discharge 
was also relatively high. Most of the November sampling period was associated with 
technical failure or ‘cycling’ of the turbine operation, due to debris build up on the screen. 
These circumstances were associated with periods of negligible flow in the tailrace 
canal, during which effective drift net operation is likely to have been extremely 
inefficient, since fish can swim in and out at will. The large net also fished less 
inefficiently due to being clogged with leaves. 
 
The catches of such a high proportion of ammocoetes, relative to transformers appears 
surprising, yet it strongly suggests that drift by this lifecycle stage is commonplace, 
whether through passive entrainment from sediment scour, or by active movement into 
the water column. Ammocoete drift is reported elsewhere (e.g. Applegate 1950). 
Although the large ammocoete catches could be an anomaly associated with turbine 
operation in the lade, this seems unlikely since substantial numbers of lamprey 
ammocoetes have been captured only at night in exactly the same drift-sampling nets in 
the main channel of the River Ure, Yorkshire in autumn and winter 2006, during stable, 
relatively low flows (B. Morland, unpublished data). The night-time occurrence of 
ammocoetes in the Stanley Mills study suggests that, with the exception of the October 
samples, larvae actively moved into the water column also. 
 
It is not possible to know for certain the origin of ammocoetes caught in the nets at 
Stanley Mills, since nets could not be placed immediately at the turbine and bywash 
exits. It is likely that at least a proportion had travelled through the hydropower plant, 
either directly from the river, or following a period of residence in the lade.  However, it is 
also possible that they may have been disturbed from the bed of the lade downstream of 
the turbine and at the highest flows, when water was coming over the wall of the lade 
from the main river, ammocoetes may have entered from there. 
 
 
7.2 Downstream movement of lamprey transformers 
 
The low numbers of lamprey transformers captured may be for a number of reasons.  It 
is likely that the sampling period has encompassed the main downstream migration of 
sea lamprey which normally occurs between October and January on other rivers (Potter 
et al. 1978, Bird et al. 1994).  However, there is no specific information available for the 
River Tay so it is possible that a proportion of the migration takes place outside this 
period.  The limited information available for the timing of the river lamprey downstream 
migration suggests this occurs between December and early May, particularly the period 
up to and including March (Frear & Axford 1991, M. Lucas unpublished data, R. Cove 
unpublished data).  It is therefore likely that the sampling period has covered the most 
important part of the downstream migration.  However, as the latest sampling was in 
March, due to concern that smolts might be caught after this, it is likely that some river 
lamprey emigration took place after sampling had finished. 
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Downstream migration of anadromous lamprey transformers is thought to be linked to 
high water flows (Potter 1980, Applegate 1950, Stone et al. 2001).  The sampling 
periods from December to March did not coincide with any high flow events.  As 
sampling took place only for a few days once a month, it is possible that the main 
migrations of both species took place in between sampling.  It is also possible that most 
transformers do not enter the water intake where it leaves the river, thus avoiding the 
hydropower plant completely. Unfortunately, in high flows the ability to sample effectively 
was also hampered and this may also have affected the catches. 
 
Ammocoetes are thought to distribute themselves with a higher proportion of larger 
individuals downstream (Quintella et al. 2003).  It may be that the majority of 
ammocoetes metamorphose downstream of Stanley Mills which may explain why few 
were caught.  Sea lamprey are thought to be present at low density in the Tay (APEM 
2002). There is no estimate of density or extent of the range of river lamprey populations 
within the Tay catchment.  The low numbers of transformers detected could therefore be 
representative of low densities within the river. 
 
 
7.3 Size of lamprey  
 
It is not surprising that it was not possible to differentiate age classes by ammocoete 
length as the catches were probably too small and the Lampetra ammocoetes probably 
include individuals of two different species.  Nevertheless, the large numbers of 15-25 
mm ammocoetes were almost certainly age 0+. Some studies have found length to be a 
poor indicator of age class due to overlap between the different classes (Hardisty 1961).  
The length range of 15 to 119 mm for Lampetra ammocoetes was narrower than the 12 
to 154 mm range recorded previously on the Tay (APEM 2002).  It is possible that this is 
due to difficulties with one of the nets used in the current survey leading to larger 
ammocoetes being missed (see below). 
 
The reason that larger ammocoetes were only caught in the January and March samples 
is possibly due to the efficiency in different conditions of the two types of nets used. The 
rectangular nets had a smaller mesh size than the funnel net and were designed to 
catch smaller ammocoetes. The rectangular nets appeared to fish well in all conditions 
except for when only the bywash was operating in high water levels, when the mean 
water velocity was inadequate to enable the nets to fish effectively. Although at 
moderate current speeds the nets caught ammocoetes their efficiency of retention is not 
known and some lampreys, especially larger transformers, may have swum back out. 
The funnel net, which caught most larger ammocoetes and transformers, did not always 
appear to fish effectively in high flow conditions and may account for the lack of large 
ammocoetes in the autumn.   
 
The lengths of the river lamprey transformers fit within the range of sizes found 
elsewhere (80-133 mm) and were of similar length to those found previously in the Tay 
(97-113 mm) (Gardiner 2003 and references therein).  The single brook lamprey was 
also within the range of lengths reported elsewhere (e.g. 120-175 mm Hardisty 1986c). 
However at 130mm it was larger than those caught by Gardiner (2003) on the Tay, 
which at 93-115 mm, were noticeably smaller than those previously reported.  
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7.4 Impact of hydropower plant on juvenile lamprey 
 
The large proportion of lamprey ammocoetes and other fish which were found to be 
dead when autumn samples were sorted are not thought to have been killed due to 
passing through the hydropower station.  If they had been killed by turbine strike visible 
signs of damage would be expected.  Mortality due to pressure or shear stress would 
also be expected to leave visible signs (e.g. dermal haemorrhage).  As no damage was 
seen it is thought that, despite attempts to keep nets and samples submerged as much 
as possible whilst samples were processed, they died while the large quantity of debris 
from the nets was being checked. This was also the case with minnow and stickleback 
which were more commonly alive in the early stages of sample sorting than in the later 
stages. Most dead fish still had red gill vasculature, suggesting they had not been dead 
for long and had probably not died in the net. 
 
7.4.1 Screen 
No lampreys were found in the debris which was removed from the fish screen.  This 
suggests that either no lamprey became impinged on the screen or that they were on the 
screen and not removed by the grabber.  At 12.5 mm the gap between the bars of the 
screen is considerably larger than the 3 mm gap in screens in which Moursund et al. 
(2003) found juvenile lamprey too easily become impinged.  The gaps between bars in 
the Stanley Mills screen are likely to be large enough for ammocoete and transformer 
lamprey, with a body diameter of up to 6 mm, to pass between them.  The flow velocity 
measured in front of the screen (mean 0.84 ms-1) is much higher than the 0.21 ms-1 
predicted when the design of the screen was modified in 2002 (KPH/RAR 2002)  The 
measured velocity is much higher than the average swim speeds that larval and juvenile 
lampreys are capable of and also higher than the mean burst speed of Pacific lamprey 
transformers (Dauble et al. 2006).  This suggests that juvenile lampreys would be 
unlikely to swim away from the screen.  It seems likely that most passed though it 
without being impinged for more than a short period.  Frear and Axford (1991) recovered 
a total of 16 022 lamprey over a 16-month period which were impinged on screens at 
Moor Monkton water abstraction works on the River Ouse, Yorkshire.  The majority of 
these were downstream-migrating transforming river lamprey.  Within the report there is 
no indication of the size of gaps in those screens, but since they were for abstracting 
drinking water they are likely to have been relatively fine.  
 
7.4.2 Turbine 
As most lamprey were collected when the turbine was on it is not known whether they 
had passed through the turbine or travelled via the bywash.  It was therefore not 
possible to compare the impact of passing through the turbine with travelling down the 
bywash.  The very low numbers of lamprey collected when the turbine was switched off 
is likely a combined effect of the low volume of water passing down the lade and the 
inefficiency of drift sampling at low mean velocities. The very low numbers of lamprey 
showing signs of damage suggest that either the majority did not enter the turbine or that 
the turbine had little impact on them, most probably the latter.  This concurs with work by 
Moursund et al. (2003) which found no impact on juvenile Pacific lamprey of the 
pressure and shear stress found in a Kaplan turbine.  It also supports the suggestion of 
O’Keefe and Turnpenny (2005) that very small fish are likely to pass through a low-head 
turbine without substantial impact.  
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7.4.3 Other fish 
Minnows were the only other fish species in which signs of damage were seen, but only 
in a small percentage.  This indicates that the hydropower plant does not impact greatly 
on other small fish species sampled during the period of this study. 
 
 
8 CONCLUSIONS 
 
There is no evidence from the data collected that the hydropower plant is having 
anything more than a minimal impact on lamprey populations.  No lamprey were found in 
debris collected from the fish screen and only a small percentage of lamprey caught 
during sampling showed signs of damage.  However, these conclusions are based on 
limited samples of transformers. This suggests either that large numbers of transformers 
do not move through the lade, or that sampling was insufficiently intense to detect 
sporadic pulses of movement and/or the methods used were inefficient in their capture. 
Since the Stanley Mills lade takes only a small fraction of the River Tay discharge (less 
than 10%, often much less), from a bankside location, it is likely that the great majority of 
drifting / downstream-migrating lamprey do not enter the lade. 
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